Coccidioidomycosis can be a symptomatic illness resulting
An animal model simulating human coccidioidal meningoencephalitis and cerebrospinal vasculitis is essential for the from the inhalation of the arthroconidia of the dimorphic fungus, Coccidioides immitis, which resides in the soil of the evaluation of potentially useful antifungal and immunotherapeutic agents as they become available. Such a model enables southwestern desert region of the United States and in areas of Mexico and Central and South America.
the study of pathologic processes, including vasculitis, that cause the clinical complications commonly seen in humans and Meningitis is the most severe complication of disseminated coccidioidal infection and generally is fatal within 2 years could improve our understanding of the immune response in this disease. A murine model of central nervous system coccidiwithout treatment [1, 2] . When treatment is undertaken with intrathecal amphotericin B (the agent of choice before 1990), oidal infection has been reported in which direct intracerebral injections of C. immitis endospores were used to establish infeconly 50% -60% of patients respond [3] . Oral azoles, the current preferred therapeutic agents for coccidioidal meningitis, control tion. However, it was not possible to sample cerebrospinal fluid (CSF) and no histopathology was reported [9] . Sorensen et al. infection in upward of 80% of patients [4, 5] . However, cure is not obtainable with azoles due to their fungistatic nature at
[10] described a rabbit model of subacute coccidioidal meningicurrent recommended doses [6] . Furthermore, complications, tis in which arthroconidia were introduced into the cervical including hydrocephalus, encephalitis, and vasculitis-associsubarachnoid space using a catheter system. Sampling was ated stroke events, occur in 10% -40% of appropriately treated accomplished using a blind cisternal tap procedure, which alpatients with a mortality rate of 70% [7] . Galgiani [8] estimated lowed them to document a progressive lymphocytosis as infecthat 100 -200 cases of coccidioidal meningitis occur annually tion progressed; however, no histopathology studies were done. in the United States in nonepidemic years [8] .
Our previous efforts to develop a rabbit model of coccidioidal meningitis by intracarotid injection of endospores were unsuccessful (unpublished data). A surgically placed subcutaneous supracranial Ommaya reservoir system with an exit cath- All rabbits in this group were euthanized on day 28, and histo- Experiment 2. Our purpose in this experiment was to idenEvery 10-14 days, most rabbits were anesthetized with isoflurane tify an inoculum of C. immitis arthroconidia that would lead anesthesia and blind cisternal taps were done. When CSF was to chronic disease and a greater incidence of endarteritis than or were euthanized within 6 -8 days following infection. CSF
Brains and proximal spinal cords were harvested and transected.
was obtained from only 1 rabbit due to the intense meningeal One-half of each tissue specimen was placed into 10% buffered inflammation. Histologically, all rabbits had an acute meningiformalin for histopathologic study. The other half was separated tis with a less prominent granulomatous component and varying (1) into the cerebrum, cerebellum, and pons and (2) into proximal degrees of extension of the infiltrate intraparenchymally (cerespinal cord specimens. These specimens were then processed for britis). One rabbit had meningeal arteritis with an associated quantitative fungal culture.
proximal cervical spinal cord infarct.
Quantitative fungal cultures. After samples of brain and spinal
In the 4 rabbits given 2 1 10 4 arthroconidia, a more attenucord were weighed, they were homogenized with saline containing ated illness pattern was observed. All rabbits developed leth-100 U of penicillin and 100 mg/mL streptomycin. Serial 10-fold argy, anorexia, weight loss, and intermittent fever by the end NOTE. /, positive; 0, negative; {, equivocal; ND, not done; undil, undiluted. * Not done at week 0. † Postinfection CSF serology was negative at day 10 in rabbits 1185 and 1187, at day 20 in rabbit 1188, and at day 31 in rabbit 1186.
was seen in 3 rabbits; this involved the left hind leg in 2 (rabbits both systemic and neurologic abnormalities simulating those observed in humans with complicated coccidioidal central ner-1185, 1186), and 1 rabbit (1188) developed paralysis of the left hind leg (day 12) and right front leg (day 43). Meningismus vous system disease. In addition, we were able to cause a consistent cerebrospinal meningitis, often with cerebritis. We was observed in 3 rabbits: 1185 (day 18), 1186 (day 24), and 1188 (day 27). Two rabbits developed urinary incontinence.
found that an inoculum of 2 1 10 4 arthroconidia produced a subacute to chronic illness of 2 -7 weeks duration with all Two rabbits were euthanized early because of progressive illness (rabbits 1185, day 21; 1187, day 10). The remaining 2 rabbits demonstrating a chronic granulomatous cerebrospinal meningitis, often with cerebritis and consistent meningeal endrabbits were euthanized at the end of the 7-week experiment. We were able to repetitively sample CSF from 2 of the 4 arteritis. Also, infarction in 1 rabbit (hypothalamus) simulated the findings seen in complicated human disease [7] . rabbits, although we frequently observed blood-tinged CSF, possibly due to capillary vein fragility associated with intense
We demonstrated an appropriate inflammatory reaction within the subarachnoid space, and serial analysis confirmed inflammatory meningitis.
Histologically, all 4 rabbits had severe granulomatous menprogressive pleocytosis, hypoglycorrhachia, and protein elevation reproducing findings associated with human coccidioidal ingitis with cerebritis and endarteritis within the meninges. Many multinucleated giant cells were observed. A hypothainfection [12] . Significant numbers of C. immitis were recovered on quantitative cultures from both brain and spinal cord. lamic infarct was observed in 1 rabbit. Cord edema was prominent in 2 rabbits ( figure 1) . Results of the quantitative brain Slightly greater numbers of organisms were recovered from the proximal spinal cord than from the brain. Higher tissue cfu and spinal cord cultures, serologic testing from serum and CSF, and CSF analysis are shown in table 1.
correlated positively with higher inoculum and disease severity. Few CSF cultures were positive for C. immitis. This finding is similar to experience in humans; C. immitis can be cultured Discussion from CSF in only 30% of persons with documented coccidioidal meningitis [12] . We found the blind cisternal tap technique to be far less problematic than surgical implantation of a catheter reservoir Low-titer serologic responses were documented for rabbits that received 4 1 10 3 arthroconidia. In general, higher titers system for both inoculation of C. immitis arthroconidia into the subarachnoid space of the rabbit and for serial sampling of were detected in rabbits inoculated with 2 1 10 4 arthroconidia. Rabbits inoculated with 10 6 and 1. or a down-regulation of Th2 response by an exuberant Th1 response to arthroconidial challenge.
This rabbit model using an inoculum of 2 1 10 4 arthroconi-
